Case 1 :06-cv-01 357-EGS Document 9 Filed 1 1 /02/2006 Page 1 of 1 9 



Cutaneous and Ocular Toxicology, 24: 1 1 -29, 2005 
Copyrighl ©Taylor & Francis Inc. 
ISSN: 0731-3829 print/ 1532-2505 online 
DOI: 10.1081;/CUS-200046179 




Taylor & Francis 

Taylor 6t FrancU Croyp 



DOES LOW MERCURY CONTAINING SKIN-LIGHTENING 
CREAM (FAIR & LOVELY) AFFECT THE KIDNEY, LIVER, 
AND BRAIN OF FEMALE MICE? 

Iman Al-Saleh, Inaaiti El-Doush, Neptune Shinwari, 
and Raid Al-Baradei 

Biological & Medical Research Department, King Faisal Specialist 
Hospital & Research Centre, Riyadh, Saudi Arabia 

Fathia Khogali and Mona Al-Amodi 

Departments of Science and Medical Studies for Women, Zoology Department, 
Faculty of Science, King Saud University, Riyadh, Saudi Arabia 

Fair & Lovely is an over-the-counter skin-lightening cream sold widely in Saudi markets. Its 
mercury content is 0,304 ± 0316 fig/ g^ in the range ofOJ02 to 0.775 f^/g. This study was 
designed to evaluate its toxic effects on mice. The cream was applied on mice for a period of 
1 month at different intervids. Mercury levels were measured in the liver, kidney, and brain 
tissue samples of a total of 75 adult female CDl mice by Atomic Absorption Spectrophoto- 
meter coupled to a Vapor Generator Accessory, The mean mercury concentrations in the 
tissues of the treated mice were 0,193 :h 0,319 fig/ g; whereas for the control group, it 
was 0.041 fig /g ±0,041 ftg/g. While the kidney was found to have the highest mercury 
content, the brain was found to have the lowest content. Treated mice showed a significant 
reduction in body weight. Marked kistologiaaJ changes were clearly noted in the kidney and, 
to a lesser extent, in the brain and liver. These results indicate that although Fair & Lovely 
mercury content is less than the U.S. Food and Drug Administration (FDA) permissible 
limits histopathological changes in the brain, kidney, and liver tissues are evidence of its 
possible toxicity. 



Keywords: Mercury; Mice; Kidney; Liver; Brain; Histopathological effects; Fair & Lovely creams 



INTRODUCTION 

Mercury is a naturally occurring metal found in the environment is several 
forms: elemental organic, and inorganic. The elemental form is commonly used in 
dental fillings and thermometers. The inorganic compounds are used in skin care 
and medicinal products, while the organic compounds are present is fungicides, 
paints, ancj diet (contaminated fish). All forms of mercury are considered poisonous 
and the chemical and physical forms of mercury deteniiine its absorption, meta- 
bolism, distribution, and excretion pathways (1). Chronic exposure either to 
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inorganic or organic mercury can permanently damage the brain, kidneys, and devel- 
oping fetus (2-10). While the most sensitive target of low-level exposure to metallic 
and organic mercury following short- or long-term exposures appears to be the ner- 
vous system, the most sensitive target of low-level exposure to inorganic mercury 
appears to be the kidney. 

The habit of applying mercury-containing preparations to the skin has been 
practiced for centuries (1 1,12). Both organic and inorganic mercurials are employed 
in topical preparations. Organic forms such as phenyl mercuric acetate are some- 
times used as cosmetic preservatives, while inorganic forms, such as ammoniated 
mercury, are the active ingredients in skin bleach creams (13). 

Skin-lightening creams seem to inhibit pigment formation and are therefore 
used by dark-skinned people to obtain a lighter skin tone. However, they have been 
recognized as a source of chronic mercury poisoning (14-20). Mercury is absorbed 
through the skin (13,21,22) and concentrates in the kidney mainly in the tubular 
region (23). Nephrotoxic effects have been attributed to the topical application of 
inorganic mercury salts (21,24-28). 

Because mercury compounds are readily absorbed through the skin and have a 
tendency to accumulate in the body, the U.S. Food and Drug Administration (FDA) 
regulations restrict its use as cosmetic ingredients in the area of the eye. It should 
contain no more than 65|ug/g of mercury. However, the FDA itself recognized that 
the presence of trace amounts of mercury in cosmetics (less than 1 |ag/g) is unavoid- 
able even under good manufacturing practices (29). Since no similar legislation exists 
in Saudi Arabia, mercury-containing skin-lightening creams are widely available in 
local markets. The results from a previous study revealed that about 45% of the 
tested skin-lightening cream samples commonly used in Saudi Arabia had mercury 
in the range of 1.18 to 5260 |-ig/g, well above the FDA regulation (30). In examining 
the association between the use of skin-lightening creams and urinary mercury in 
young healthy women who had no occupational exposure to mercury, Al-Saleh 
and Shinw^ri (31) found that 23% of women had mercury levels above the reference 
value of 4|ag/L. proposed by the World Health Organization (WHO) in 1991 for 
nonexposed populations (32). 

Incidentally, Fair & Lovely was developed and launched in India by Hindustan 
Lever in 1976. Today it is marketed in over 38 countries and has become the largest 
selling skiri-lightening cream in the world. It gained popularity in Saudi Arabia lar- 
gely as a result of TV and magazine advertisements. The cream label does not refer 
to its specific ingi*edicnts. However, the company claims that their product contains 
mainly vitamin B3, sunscreens, milk protein, and mineral oils. 

In order to assess the safety of applying Fair & Lovely, this experimental study 
was designed to examine if this cream induces histopathological changes in the braui, 
kidney, and Uver of mice following repeated topical applications. 



MATERIALS AND METHODS 

Reagents 

Chemicals were as follows: concentrated nitric acid and hydrochloric acid, 
trace metal grade; 30% hydrogen peroxide, H2O2; ammonium hydroxide, mercuric 
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nitrate (1000|.ig/inL); xylene, ethanol absolute, 40% formaldehyde and eosin. These 
chemicals were purchased from Fisher Scientific, Co. Spring Field, Pittsburgh, PA. 
Stannous chloride (SnCl2), picric acid, glacial acetic acid, and DFX were bought 
from BDH Chemical Ltd. Poole, Dorest, England BH15 ITD, UK. DPX is a mix- 
ture of disterene, plasticizer, and xylene. Sodium chloride and hematoxylin were 
purchased from Sigma-Aldrich Chemical Ltd., The Old Brickyard, New Road, Gil- 
lingham, Dorest SP8 4XT, UK. Paraffin wax was manufactured by Oxford Lab 
Ware, 1915 Olive St., St. Louis, MO. Fair & Lovely, skin-lightening cream, was 
manufactured in India purchased locally (100 g per package). We needed only four 
packages of Fair & lovely for the whole animal study. Random sampling was there- 
fore done to ensure that the mercury content was uniform in all purchased creams. 
The average mercury content (meandzSD) was 0.304 dz 0.31 6 |ig/g for the four 
packages. 



Animal Treatment 

In the present study, a total of 15 adults female CDl mice, age 8 weeks at the 
beginning of the experiment, were obtained from the animal care facilities in King 
Faisal Specialist Hospital & Research Centre. The animals were housed individually 
in Makrolen cages and were fed a standard dry pellet diet and water ad libitum. Both 
feed and water were free of mercury. The experimental animals were weighed and 
subdivided into five sub-groups, where sub-group I served as a control group and 
subgroups II, III, IV, and V were treated once per week, once per day, twice per 
day, and three times per day, respectively, with Fair & Lovely skin-lightening cream. 
The skin of the back of the neck of the experimental mice were shaved in oi'der to 
apply 1 mg per cm of the cream with a cotton-tipped applicator. The treatments 
in all the groups wei*e continued for 1 month. This research project was evaluated 
and approved by both the Research Basic Committee and the Animal Care and 
Use Committee of King Faisal Specialist Hospital and Research Centre. 



Tissue Dissection 

At the end of 1 month, animals were killed by cervical dislocation and the 
brain, liver, and kidney were removed and retained in a — VO'^C freezer for mercury 
analysis. Other samples of the tissues were placed into Bouin's fixative. Following 
24-hour fixation, samples were dehydrated in ethanol and embedded in paraffin. 
Sections of 4|im were cut and stained with hematotoxylin and eosin (H&E). After 
removing the excess stains, the slides were examined by light microscope. 

Tissue samples were thawed at room temperature, and approximately 0.5 g of 
wet tissues were digested in Teflon vessels with 4mL of concentrated nitric acid for 
3-4 hours at room temperature, then placed in the oven overnight at SS'^C. After 
digestion, the samples were allowed to cool to room temperature, and ImL of 
H2O2 was added. Samples were heated again in the oven for 1 hr at SS^'C. The clear 
supernatant fraction was transferred to polypropylene tubes and diluted to lOmL 
with deionized water. Mercury content was expressed as |ig/g wet weight. 
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Analytical Procedure 

Mercury analysis was performed using a Varian Atomic Absorption 880 with 
Zeeman background correction (AA-880Z), coupled to a Vapor Generation Access- 
ory VGA-76 (Varian Techtron Pty. Ltd, Australia) as described by the instrument 
manufacturer (33). The gas used was argon. In this study, flow rates were about 
8mL per minute for the sample, L4mL per minute for the stannous chloride sol- 
ution, and 1.5 mL per minute for the hydrochloric acid. The reductant channel of 
the VGA-76 contained 25% stannous chloride in 20% hydrochloric acid. The acid 
channel contained 5 M hydrochloric acid. 

Cahbration standards for tissues samples were prepared each day using a man- 
ual standard addition procedure in the range of 0.5-8 |ig/L for mercury. Quadruph- 
cate determinations were made on all samples. 

The accuracy of the method was determined by measuring the recovery of 
mercury added to tissue samples. These spiked tissue samples were run with the test 
samples using the same analytical procedure. The analytical recovery for tissue 
samples spiked with 14, 28, and 58 |xg/g mercury were respectively 98,4%) ± 
13.461, 97,90% ± 3.962, and 95.52% ± 1.771. 



Statistical Analyses 

Because of the non-Gaussian distribution pattern of the mercury data, non- 
parametric statistical analyses such as Kruskal-Walhs one way analysis of variance 
and the Mann-Whitney W test were used to evaluate the analytical data. Statistical 
significance was based on the level of ;? < 0.05. All the analyses were performed 
using the statistical software Statgraphics Software (34). 



RESULTS AND DISCUSSION 

The inercury concentrations in 60 tissue samples of mice treated with Fair & 
Lovely skin-lightening cream was 0.192 ±0.319 |xg/g in the range of 0.014 to 
1.391 M-g/g. The Mann-Whitney W test showed that the treated group had signifi- 
cantly higher mercury content than the control group (p < 0.05), where the mercury 
content was 0.041 ± 0.041 |ig/g in the range of 0.0037 to 0.106 ).ig/g. This is an indi- 
cation that mercury can be absorbed through the skin of mice as shown in human by 
Palmer et al. (35) as well as other animals (36-39). Mercury levels were significantly 
higher (0.527 ± 0.373 ^lg/g) in the kidney than in the hver (0.0306 ± 0.0184 ^lg/g) and 
in the brain (0.0205 ±0.0045 jig/g), A similar pattern was observed for the non- 
treated mice. The results are presented in Table 1. Figure 1 presents the mercury con- 
tent in different tissues as classified by treatment. The differences were statistically 
significant. Mercury may damage the kidney depending on the form in which it is 
absorbed. In general, organic and metallic mercury are more lipophilic than in- 
organic mercury and tend to be more neurotoxic than nephrotoxic (25,40). Kidney 
is the most sensitive target of low-level exposure to inorganic mercury. Zalups and 
Barfuss (41) revealed the existence of at least two distinct mechanisms involved in 
the renal uptake of inorganic mercury; one is located on the luminal membrane 
and the other is located on the basolateral membrane. Repeated apphcations of 
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Table 1 Mercury concentrations in mice: (a) treated with Fair & Lovely skin-lightening creams; and (b) 
control as classified by the type of tissue. Statistical evaluation was done using Kruskal-Wallis one way 
analysis of variance. 

Tissue Mean ± SD Range 

(a) Treated 

Brain (n = 20) 0.0205 ± 0,0045 0.0147-0.0278 

Kidney (n = 20) 0.5266 ± 0.3728 0.1278 1.391 1 

Liver (n -^ 20) 0,0306 ± 0,0184 0.01397-0.0861 

Level of significance Test-Statistic = 41 . 1 40; /? = 1 . 1 66 x 1 '^ 

(b) Control 

Brain (n = 5) 0.0065 ± 0.0019 0.0037-0.009 

Kidney (n ^ 5) 0.0956 ± 0.0095 0.0814 0.1061 

Liver (n - 5) 0.0209 i: 0.0076 0.0107-0.0293 

Level of significance Test-Statistic = 1 2,5; p = 0.0019 



Fair & Lovely skin-lightening cream could cause cumulative effects of prologned low 
level mercury exposure, which could lead to a nephrotic syndrome as shown in pre- 
vious studies (42-44). Looking at the mercury concentrations in tissue samples with 
respect to the number of Fair & Lovely treatments, the highest mercury concentra- 
tions were found in the tissues of mice treated twice per day as shown in Table 2. 
Kruskal-WalUs one-way analysis of variance was carried out to test whether there 
was a variation in the concentration of mercury among the different treatments 
(Table 2) and significant differences were noted. Suprisingly, the mercury levels in 
the group that was treated three times a day had lower mercury concentrations than 
those treated twice a day. This was presumably due saturation of the absorption pro- 
cess at a higher dose (45). An earher study by Baranowska-Dutkiewicz (46) found 
that the absorption rate of mercuric chloride is directly related to the function of 
concentration and indirectly related to function of time of exposure. 

Significant differences in body weight were observed between the treated and 
control mice. The average body weight of mice before the application of Fair & 
Lovely skin-lightening creams was 33.932 it 3.5 136 g and was reduced significantly 
to 30.036 it 3.53 g at the end of the experiment (/? = 0,0002). Table 3 represents 
means, standard deviations, and the ranges for the mice's body weights as classified 
by the number of treatments before the start and the end of the experiment. Kruskal- 
Wallis one-way analysis of variance revealed no significant differences before the 
start and the end of the experiment. Previous studies showed that exposure to mer- 
cury results in significant reduction of body weights (47-49) relative to controls. 

When we compared the kidney's mercury contents of treated mice with those 
obtained of the control mice, significant differences were recognized (p < 0.001). 
Treatment with Fair & Lovely skin -lightening cream showed a clear histopatho- 
logical changes in the kidney. The severity of these pathological changes in kidney 
increased with increasing the number of applications as shown in Figs. 2 and 3. 
The main changes were blood congestion, appearance of vacuoles in the proximal 
tubules, lyniphoid hyperplasia, and lymphatic infiltration with appearance of eosino- 
philic bodies inside some of the proximal tubules. Focal atrophy of glomerulus as 
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Figure 1 Mercury content (|ig/g) in; (a) brain, (b) kidney, and (c) liver as classified by the number of skin- 
lightening cream treatments. 
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Figure 1 Continued. 



well as dilation or obliteration of Bowman's capsule space were also noted. We 
postulate that such changes could be due to the nephrotoxic effects of inorganic mer- 
cury, and they were similar to those described by others (50-54) that they might sub- 
sequently develop a nephrotic syndrome (12,21,25,55-57). Mercury accumulates in 
various organs and tissues depending on its chemical form. Inorganic mercury salts, 
used widely in manufacturing skin-lightening creams and as a preservative in certain 
medicines (58), accumulate mainly in the kidney in the form of a metallothionein-like 
complex. This may play a major role in the retention of mercury in the kidney (59) 
where the binding capacity of the renal metallothionein for mercury tends to saturate 
with increasing doses, limiting the capacity of kidneys to accumulate mercury (60). 



Table 2 Mercury concentrations in different treated groups with Fair & Lovely skin-lightening creams as 
classified by the number of applications. Statistical evaluation was done using Kruskal-Wallis one-way 
analysis of variance. 



Number of applications 



Mean ± SD 



Range 



Control (n^aS) 
Once a week (n — 15) 
Once a day (n ^ [5) 
Twice a day (n = 1 5) 
Three times a day (n = 1 5) 
Level of significance 



0.0409 ±0.041 
0.150 ±0.2892 
0.1371 ±0.1737 
0.3578 ± 0.497 
0.1255 ±0.1679 
Test-statistic -= 9.937; p =^ 0.0415 



0.0037-0.1061 

0.0157 L1074 

0.01469-0.5815 
0.02356-1.3911 
0.01397-0.5337 
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Table 3 The Mean ± SD of body weight (gm) classified by number of skin-lightening treatments. Statisti- 
cal evaluation was done using Kruskal-Wallis one-way analysis of variance. 

Mean ± SD 



Number of treatments 
(n - 5) 



Before the experiment 



End of the experiment 



Once a day 

Once a week 

Twice a day 

Three times a day 

Control 

Level of significance 



34.0 ± 2.345 
34.2 ± 2.490 
36.8 ±3.564 
31.4 ±4.879 
33.26 ±2.653 
Test-statistic = 5.651 ; p = 0.227 



30.32 ±1.337 
29.28 ± 5.386 

30.9 ±4.866 

27.6 ±1.949 
32.08 ± 1.448 
Test-statistic = 8.306; p = 0.081 



(a) 



<c) 



^^^^•-^^ "- '^t^'dl^^^W^i^ 




(b) 





(d) 
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Figure 2 Kidney sections from: (a) normal mice showing the Proximal Tubule (PT) and the Glomerulus 
(G), and (b-d) mice treated with Fair & Lovely skin-lightening cream. Following once-a-week treatment, 
section (b) shows slight intratubular vacolization (V). In sections c and d, where mice were treated once a 
day, there are simple vacuoles (V) in the Proximal Tubules (PT) as well as Eosinophilic Body (EB) inside 
some of the tubules in section (c). In Section (d), there is obliteration of Glomerulus 1 (Gl) and dilation in 
Glomerulus 2 (G2) (H&Ex200). 
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(a) 



(b) 





Figure 3 Kidney sections from mice treated with Fair & LoveJy skin-JigJitening cream: (a) twice a day, 
where there is a clear blood congestion (BC) in the kidney and loss of distance between the Bowman's 
capsule (BC) and the glomerulus (G); and section (b) shows atrophy of glomerulus following three times 
a day treatment (H&Ex200). 



Metallothionein in the brain is difficult to induce because of the impermeabihty of 
the blood-brain barrier to most heavy metals (61). If the results of the study were 
extrapolated to humans, they suggest that exposure to mercury after repeated apph- 
cation of Fair & Lovely skin-lightening creams, even if its content is below the FDA 
perimissible limit (1 |xg/g), could lead to nephrotic syndrome. Nonetheless, it is 
important to reaUze that animal skin is often more permeable than human skin 
and, therefore, animal studies will typically overstimate the actual systematic 
exposure of humans to mercury (45). 
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Figure 4 Liver sections from: (a) control mice showing the central vein (CV) and hepatic cells (HC) in the 
liver; (b, c) mice treated once a week and once a day, respectively, with Fair & Lovely skin-lightening 
cream, where section (b) illustrates clear blood congestion in the central vein (CV); and section (c) shows 
a number of lymphatic infiltration (LT) (H&Ex200), 



Sections from the liver of mice following treatments either once a week or once 
a day are presented in Fig, 4. Both showed some pathological changes, such as blood 
congestion in the central vein. Additionally, a number of lymphatic infiltrations were 
seen in the Uver of mice that were treated once a day as shown in Fig. 4c. Liver sec- 
tions taken from mice treated twice a day with Fair & Lovely showed the following 
changes: dialation of the hepatic portal vein (Fig. 5a), loss of hepatic cells (Fig. 5b), 
appearance of vacuoles inside the hepatic cells, and dialation of the blood sinuses 
(Fig. 5c). In addition, there was an increase in Kupffer cells, dialation of sinusoids, 
as well as lymphatic infiltration in liver sections from mice treated three times a day 
with Fair & Lovely skin-lightening cream as presented in Fig. 6. The Uver plays a 
major role in detoxifying xenobiotics. There have been few reports on the toxicity 
of mercury in the liver (62-65). Inorganic mercury salts partially accumulate in 
the liver, where they are excreted in the bile (58). As in the kidney, metallothionein 
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Figure 5 Liver sections from mice treated twice a day with Fair & Lovely skin-Jightening cream, (a) There 
is an increase in the Portal Vein (PV), (b) loss of the hepatic cells (HC), and (c) vacuoles inside the hepatic 
cells (HC) and an increase in the blood sinuses (BS) (H&Ex200). 



has a similar role in biliary mercury excretion (66). Hepatic and renal metallothio- 
nein induction was maximum 24 h after mercuric chloride adminstration in mice 
and declined thereafter in parallel with the decrease in their mercury levels (67). 
Metallothionein levels in liver and kidney remained considerably higher than in 
the normal animals at 72 h post exposure. A study by Zalups et aL (64) indicated that 
at least some fraction of the renal accumulation of inorganic mercury is linked 
mechanistically to the hepato-biliary system. 

Light microscopic examinations of brain slides revealed some histopathological 
changes with variable intensity depending on the number of applications of the skin- 
lightening cream. The main changes in the brain were the thinning of the cerebral cor- 
tex and irregularity of the granular layer. A number of small vacuoles were seen in the 
brain stem and the cerebellum of mice treated with Fair & Lovely skin-lightening 
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(a) 



(b) 





(c) 




Figure 6 Liver sections Irom mice treated three times a day with Fair & Lovely skin-Ughtening cream. 
Sections: (a) Kupffer cell (KC) hyperplasia; (b) dilation of sinusoids (S); and (c) lymphatic collection 
between the cells (H&Ex200), 



creams once a week or once a day as illustrated in Fig. 7. On the other hand, there 
were a thipning of the cerebral cortex and irregularities of the granular layer of the 
cerebral cortex with a small number of large vacuoles in the brain stem of mice treated 
with Fair & Lovely twice a day (Fig. 8a,b). In Fig. 8c, multiple vacuolization was seen 
in brain sections of mice treated three times a day. In comparison with the mercury 
contents oJFthe kidney and Uver, the content in the brain tissues of treated mice were 
the lowest, Lapham et al. (68) found that there was no association between histologi- 
cal changes in the brain of human neonates and mercury brain levels less than 300 
ng/g. However, he did not exclude submicroscopic changes, subcellular alterations, 
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Figure 7 Brain sections from (a) control mice showing the brain stem (BS); (b-d) mice treated with Fair & 
Lovely skin-lightening cream. In section (b), there are few vacuolization of brain stem of mice following 
once a week treatment. Mice treated once a day: section (c) shows the vacuoles (V) in the white matter 
(WM) of the cerebellum as well as the molecular layer (ML), granular layer (GL), and Purknje cells 
(PC); in section (d), there are large number of small vacuoles (V) in the brain stem (BS) (H&E x 200). 



or subtle disturbances in the unfolding of brain architectonics. Other studies have 
reported that histopathological effects of mercury in the brain were seen either after 
(high) or long-term mercury exposure in human (69), rat (70), and monkey (71). 
MoUer-Madsen (72) found that, following mercury administration, there was a latent 
period before mercury appeared in the tissues of rats. After 10 days, mercury was 
detected in cell bodies of five specific areas of the brain stem: the mesencephaUc nu- 
cleus of the trigeminal nerve, the red nuclei, the ventral cochlear nucleus, the superior 
vestibular nucleus, and the nucleus reticularis pontis caudalis. After 28 days of treat- 
ment, a fairly even distribution of mercury was seen in the brain and spinal cord. 
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Figure 8 Brian sections from mice treated with Fair & Lovely skin-lightening cream: (a, b) twice a day; 
(c) three times a day. Section (a) shows thinning of the cerebral cortex (CC) and irregularities of the granular 
layer (GL) of the cerebral cortex. Section (b) illustrates the appearance of large number of large vacuoles 
(V) in the brain stem (BS). Section (c) shows multiple vacuolization of brain stem (H&E x 200). 



No changes were seen in the distribution of mercury after longer periods of treatment. 
Inorganic mercury salts are not lipid soluble, and cross the blood brain barrier poorly. 
However, biotransformation of organic mercury to inorganic might occur after 
methylmercury crosses the blood barrier. This cored account for its persistence in 
the brain and its damaging effects (73). 

In general, one could argue that such skin-lightening creams might contain 
other harrnful ingredients such as hydroquinone (74), which might cause such histo- 
pathological changes. However, a study by David et al, (75) revealed that topical 
exposure to hydroquinone does not result in renal toxicity. 
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Although the mercury level in Fair & Lovely skin-lightening creams was low, 
one could anticipate that over a long period of time it can build up to significant 
levels. The data suggest that its application for 1 month results in the accumulation 
of mercury in the tissues of mice with morphological changes in the hver, brain, and 
kidney. Concerns have been always raised about the effects of low levels of mercury 
on the renal, nervous, immune, and reproductive systems (71,75 82). Therefore, we 
can not rule out the cumulative effects of chronic toxicity, especially for susceptible 
groups of the population such as children and women (9,83-96). 

The implications of this study for physicians and public health workers could be 
manifold. Physicians should take note of the potential toxic effects of skin-lightening 
creams when evaluating patients with neurological or nephrological symptoms, which 
may be attributed to uncertain causes. Public health authorities should take the neces- 
sary legal and educational steps to restrict the import and sale of such harmful 
products. 
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